A microtitre-plate method for evaluating the inhibitory effect of dyes on the growth of mycoplasmas in fluid medium is described. Different species were shown to differ in their sensitivity to dyes. Statistical analysis (a) compared the general sensitivity and resistance of different mycoplasma species to the dyes and (b) showed that the dyes fell into two main groups in their effects on the mycoplasma species.
. Agar plate seeded with 12 drops ( I -12) ofmycoplasma suspension from wells of one row ofthe microtitre plate, with a gradual decrease from the highest ( I ) to the lowest (12) concentrations of dye. c'. Drop of mycoplasma suspension from a control well lacking dye.
Mj~coplasma viahilitj, titrrs. Ampoulesof liquid cultures were thawed and diluted tenfold to 1 O-b. Each dilution was then further diluted 1 in 4, in a microtitre plate, in liquid medium containing glucose or arginine as appropriate and with 0.001", phenol red. The plate was sealed and incubated at 35 "C for 3 to 5 d . The mycoplasma viability titre was the dilution with the lowest number of organisms which produced a distinct p H change. Another ampoule from the titrated batch was diluted to the required concentration of organisms for use in the subsequent dye-sensitivity test. The concentration of mycoplasmas used in this test was based upon their ability to el'fect ;I pH change within a certain time as a comparison showed little variation in growth inhibition reactions when using different concentrations of organisms. Strain GP3 and related strains, which metabolized neither ~I U C O S C nor arginine (c'asscll & Hill, 1979, pp. 238 & 262) . were tested in medium containing 0.1104",, (wdv) resa/urin. which wax reduced during g r w t h producing a colour change from blue to purple-red.
Smsitiritj~ to dres. A drop (0.05 ml) of the appropriate medium (without phenol red) was deposited in each of a row of wells in a microtitre plate. The stock solution of the dye under test (0.05 ml) was added to the first well and doubling dilutions were made to well 12. Medium (0.1 ml) was added to each well, followed by 0 4 5 ml of the mycoplasma suspension at a dilution calculated to produce a pH change in 3 to 5 d in control medium wells containing phenol red but no dye. Plates were sealed and incubated at 35 "C. When the control well showed a pH change of half a unit (or a distinct colour change in medium containing resazurin) viability was examined by inoculation of a standard drop (0,025 ml) of suspension taken from each well, including controls, onto an agar plate (visual estimiition of growth, ;IS in conventional metabolism tests. was precluded by the presence of d:yes). Plates were incubated and examined for growth from each well. Absence of growth from tests wells indicated growth inhibition, provided control wells were positive; the inhibition titre was the highest dilution of dye causing growth inhibition (Fig. I ).
Inhibition titres determined by this method were compared with those obtained by the more conventional method of Hill & Sutton (1979) based upon serological metabolism tests (Purcell er a/., 1966 ; Taylor-Robinson rt a]., 1966). For these tests the colourless antibacterials. potassium tellurite and sodium desoxycholate. mere used in media with phenol red. Results were recorded by reading the titres based on (a) pH change and (b) colonial growth on seeded plates as above.
Statistied una/ysi.~. The log of the dye inhibition titre was subjected to three types of statistical analysis.
( 1 ) Single linkage cluster analysis (Hartigan, 1979) was used to show the explicit relationships among the dyes with respect to their effects on mycoplasmas (Dunn & Everitt, 1982) . For example, two dyes which :.iffected all species similarly would be closely related, while two in which the patterns of sensitivity among spec'ies differed would be less closely related or unrelated. The technique starts by finding the two dyes (or mycoplasmas. see (2) below) which have the greatest similarity, and these become the first cluster. The similarities between this cluster and each of the remaining dyes is then calculated, and the closest one is added to the first cluster, and so on until IP: 54.70.40.11
On: Wed, 09 Jan 2019 22:38:22 all dyes form ;I single cluster. The pattern of agglomeration can be represented by a dendrogram. representing the similarities between the dyes.
(2) Single linkage cluster analysis was also used to study the similarity of the mycoplasmas as judged by the pattern of dye sensitivity. The resulting dendrogram was too large to be published, but served to highlight those species which behaved similarly in their responses to the dyes. These are noted in the results section.
Although this second analysis shows similarities between mycoplasmas, it cannot indicate the nature of these similarities. Thus, two species may be similar because they are both very sensitive to all dyes (for example) or because they are both sensitive to one dye and resistant to the rest. The nature of the similarities between species can be explored to some extent by principal components analysis.
( 3 ) Principal components analysis (Afifi & Azen, 1979 ) was used to study in more detail the pattern of response among mycoplasmas to the dyes. Very briefly, principal components analysis is a method for reducing the dimensionality of a set of variables by constructing uncorrelated linear combinations of them which may have some biological meaning. For example, in this study the response of an individual mycoplasma species could be represented by a point in seven-dimensional space. Thus its response to safranin and methylene blue (for example) could be shown on a two-dimensional graph. its response to thionine could be shown by adding a third dimension. its response to resazurin by adding a fourth dimension, etc. Unfortunately, it is impossible to interpret relationships in seven dimensions. Principal components analysis depends on the patterns of correlations among the variables to reduce the dimensionality and produce a new set of variables which may be interpretable. This is clarified in the results sections.
R E S U L T S A N D DISCUSSION
The sensitivity of the mycoplasmas to the dyes is shown in Table 1 . Marked variations in sensitivity were shown by mycoplasmas to all the dyes tested. The general ranges of mycoplasma sensitivity to the dyes were as follows: Acriflavine (24 pg to 12 mg litre-l), basic fuchsin (0-6 mg to 0.3 g litre-I), crystal violet (61 pg to 16 mg litre-]), methylene blue (61 pg to 0.1 g litre-I), resazurin (12 mg to 1.2 g litre-]), safranin (0.6 mg to 7.8 mg litre-]), thionin (61 pg to 0.1 g litre-' ). Growth inhibition of the six mycoplasmas, M . borigenitalium, M . cariae, M . gallinarum, M . neurolj-ticum, Acholeplasma asanthuni and A . oculi, compared using the dye sensitivity technique described above and the more conventional visual method of recording a pH change, showed a range of sensitivities to potassium tellurite (0.02 to 5 mg litre-') and sodium desoxycholate (2 to 50 mg litre-I).
The modified metabolism inhibition (MI) test used to examine the sensitivity of mycoplasmas to antibiotics (Hill & Sutton. 1979 ) is useful for estimating the sensitivity to colourless chemicals, but cannot be used for testing dyes. The present adaptation was developed, therefore, as an inhibition method for testing dyes, and it proved to be easily-performed. Furthermore the titres recorded by this method were comparable with those obtained by the more conventional MItype test, when the sensitivity to colourless chemicals was examined.
The sensitivity of M . pneumoniae to methylene blue was very much lower than for all other primate mycoplasmas, confirming the observations of Kraybill & Crawford (1969, and supporting its use in medium for isolating M . pneumoniae from mixed infections. The reactions shown in Table 1 suggest that thionin, incorporated in the medium, might be of value in recovering M . collis from mixed rodent infections as M . collis is less sensitive than M . pu1moni.r to this dye. Crystal violet was the only dye tested which might distinguish the two common human mycoplasmas, A! . /zor?iinis and M . scrlii~urium.
The result of the cluster analysis, showing the relationships between the dyes, is shown in the dendrogram, Fig. 2 . This shows that the dyes fall into two main clusters, with methylene blue, resazurin and thionin behaving rather similarly in one and acriflavine, basic fuchsin, safranin and crystal violet in the other. Thus, if a restricted set of dyes were to be used in characterizing species it would be better to use ones that are as distantly related as possible in their patterns of inhibition such as basic fuchsin and methylene blue.
The principal components analysis was successful in reducing the seven dimensions of the raw data (one dimension for each dye) to only two significant new dimensions which together accounted for 680; of the total variation. The first of these components, which accounted for 430; of the total variation, was correlated about equally with all the dyes and can be interpreted negatively correlated with the other three dyes. This component represents differential sensitivity of the mycoplasmas to the two main groups of dyes shown in the dendrogram, Fig. 2 . When ranked according to their scores on this component all the guinea-pig Achuleplasma strains proved to be relatively sensitive to the methylene blue group of dyes and resistant to the acriflavin group. In contrast, M . caviae, M . saliuarium, strain SPF, M . capricolunrl and M . mycuides subsp. capri were relatively resistant to the methylene blue and sensitive to the acriflavine groups of dyes. The overall sensitivity of the mycoplasmas to the dyes may be associated with some general property such as permeability of the cell membrane, while specific patterns of response to individual dyes may be associated with differences in metabolic detoxification mechanisms between species.
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